Objective: To assess the effectiveness of the nonprescription combination of acetaminophen, aspirin, and caffeine in alleviating migraine headache pain.
A N ESTIMATED 23 to 25 million Americans-about 18% of women and 6% of men-suffer from migraine headache. 1 Attacks are common, with more than 50% of sufferers experiencing 1 or more episodes per month. 2 Migraine, a heterogeneous disorder, produces a wide spectrum of pain and associated disability, both within and among patients, that includes mild pain and no disability in approximately 5% to 15% of migraine attacks, moderate to severe pain and disability in 60% to 70% of attacks, and incapacitating pain and total disability in the remaining 25% to 35% of attacks. 3, 4 Recent population-based epidemiologic studies in the United States and elsewhere found that most people with migraine are not currently consulting a physician for their headaches, and only about one third have ever been diagnosed by a physician. [5] [6] [7] [8] The overwhelming majority of migraineurs, 95% of men and 97% of women, used medication for their headaches, although only 28% of the men and 40% of the women have ever used prescription medications. 9, 10 More than 90% of migraineurs use nonprescription medications for their headaches, and the majority use nonprescription medications exclusively. 5, 11 Many migraine sufferers use singleagent nonprescription analgesics, such as acetaminophen, aspirin, or nonsteroidal anti-inflammatory agents, to treat their attacks. 12, 13 Many also use nonprescription combination-ingredient tablets that contain caffeine. 14 Despite the widespread use of nonprescription drugs, only prescrip-tion drugs are approved for the treatment of migraine in the United States. In other countries, a number of nonprescription drugs are specifically approved for migraine headache pain. 13 The effectiveness of self-treatment of migraine with these nonprescription drugs has not been adequately studied in well-controlled clinical trials. 12, 13 The combination of acetaminophen, aspirin, and caffeine is a promising nonprescription treatment for migraine. Approved for relief of nonspecific headache pain, it is superior to acetaminophen alone in treating the pain of tension-type headache. 15 In their meta-analytic review, Laska and coworkers 16 concluded that caffeine is an analgesic adjuvant for a variety of pain conditions. Caffeine is also included in combination with analgesics, ergot alkaloids, and barbiturates in prescription formulations used for migraine. 17, 18 Acetaminophen-aspirin-caffeine is widely used in migraine but has not been studied systematically for effectiveness. 12, 13 Given the demonstrated effectiveness of this drug combination in tension-type headache and the utility of caffeine in prescription migraine therapy, we decided to study this combination as a treatment for migraine. If effective, acetaminophen-aspirin-caffeine might have important cost and safety advantages over widely used prescription agents.
We report the results of 3 independent, doubleblind, randomized, parallel-group, placebo-controlled studies designed to assess the effectiveness of the nonprescription combination of acetaminophen, aspirin, and caffeine for alleviating acute migraine headache pain.
RESULTS

PATIENT POPULATION
Of the 1357 patients randomized in the 3 studies, 92.1% took study medication (Figure 1 ). Baseline or postdose evaluations were missing for 2 patients treated with acetaminophen, aspirin, and caffeine and 1 placebo-treated patient; consequently, these patients were excluded from all efficacy evaluations, leaving a total of 1247 patients in the ITT group. The ITT and efficacy-evaluable data sets differed by only 27 patients (1247 ITT, 1220 efficacyevaluable). The 27 patients not included in the efficacyevaluable analysis were 14 who treated a headache that did not meet protocol criteria for migraine, 9 who did not complete their evaluations at 2 hours after dose, and 4 who did not take the entire dose of study medication. The 2 treatment groups had similar demographic profiles and migraine headache histories ( Table 1) in each of the studies. Without treatment, usual migraine headache pain was moderate in 27.6%, severe in 69.8%, and incapacitating in less than 1%; 39.1% had reported
PATIENTS AND METHODS
PATIENTS
Three studies, conducted between August 17, 1995, and June 22, 1996 , used a uniform double-blind, randomized, parallel-group, placebo-controlled design, and differed only in the methods of patient recruitment. Study 1, a single-center trial, used random-digit dialing exclusively to identify potentially eligible subjects. 19 Study 2 and study 3 were multicenter trials that relied on both conventional (77%) (eg, private practice patients, referrals, local advertising) and random-digit dialing (23%) methods for recruiting.
Inclusion and exclusion criteria for the 3 studies were identical. Patients met International Headache Society diagnostic criteria for migraine without aura or migraine with aura, 20 were at least 18 years old, were in good general health, and had experienced migraine headaches at least once every 2 months but no more than 6 times monthly. Headaches were of at least moderate pain intensity when left untreated. Patients who were usually incapacitated (ie, required bed rest for their attacks) were excluded. Patients who experienced vomiting 20% or more of the time were also excluded because of the probability that they would vomit and not absorb study medication. Nausea, however, was not an exclusion. Written informed consent was obtained from all patients. The protocol and consent form were approved by an institutional review board for each clinic.
To ensure that all subjects actually suffered from migraine, each provided a complete medical history, including a semistructured diagnostic headache interview, and underwent a physical examination and neurologic evaluation by a study clinician. Patients were trained to complete the study diary.
STUDY DESIGN-PROTOCOL
At visit 1, qualified patients were randomly assigned (1:1 ratio), according to a computer-generated randomization schedule, to receive a bottle of double-blinded study medication containing either 2 tablets of unbranded Excedrin Extra-Strength (acetaminophen, 250 mg; aspirin, 250 mg; and caffeine, 65 mg per tablet; Bristol-Myers Squibb Co, New York, NY) or 2 identical-appearing placebo tablets to treat the headache pain of 1 acute self-recognized migraine attack. If the headache symptom profile met the definition of migraine, if the headache pain was of at least moderate intensity, and if the attack was otherwise eligible, the patient was instructed to take study medication. Patients were asked not to take rescue medication for 2 hours, if possible. All treatment information was maintained in a blinded form until after the database was locked and all queries were resolved.
Efficacy Measurements
The primary efficacy measurements were pain intensity difference from baseline and the percentage of patients with pain reduced to mild or none 2 hours after the dose. At baseline, patients rated their pain intensity, functional disability, nausea, vomiting, photophobia, and phonophobia. They also rated these symptoms, together with pain relief, at 0.5, 1, 2, 3, 4, and 6 hours after the dose. Patients rated pain intensity by means of a 4-point scale (0, no pain; 1, mild pain; 2, moderate pain; and 3, severe pain). They rated pain relief from 0 to 4 (0, no relief; 1, a little relief; 2, some Continued on next page moderate and 48.6% severe headache-related disability. In 62.7%, headaches were frequently or always accompanied by nausea. Migraine headache was treated with nonprescription medications by 65% of patients, with pre-scription medications by 12.5%, with both nonprescription and prescription medications by 21.1%, and with no medication at all by 1.5%. Symptom profiles for the treated headaches in the active and placebo groups for all 3 individual studies and the pooled analysis were comparable at baseline ( Table 2) .
No statistically significant treatmentϫstudy interactions were detected for any of the primary efficacy variables, at any time point. Isolated significant interactions were detected for functional ability (hour 2) and photophobia (hours 0.5 and 1); however, the interactions were quantitative rather than qualitative, and therefore do not alter the results. Accordingly, data were pooled to optimally summarize study results.
Efficacy and safety results are presented for the 3 studies separately and for the pooled analysis.
PAIN INTENSITY AND PAIN RELIEF
In each of the 3 studies, patients taking the drug combination had significantly higher mean pain intensity difference scores than patients taking placebo at all time points from 1 hour to 6 hours after dose (PϽ.001). In the pooled analysis and in study 1 and study 3, patients who received active treatment also had significantly higher mean pain intensity difference scores than did placebotreated patients beginning at the 0.5-hour time point (PՅ.02) (data not shown). relief; 3, a lot of relief; and 4, complete relief). They rated functional disability from 0 to 4 (0, none; 1, usual activities require a little additional effort; 2, require some additional effort; 3, require a great deal of additional effort; and 4, inability to perform usual activities). Nausea, photophobia, and phonophobia were rated separately by means of a 0 to 3 scale (0, none; 1, mild; 2, moderate; and 3, severe intensity) for each symptom.
Patients provided a global evaluation of analgesic efficacy at the end of the 6-hour treatment period or when they took rescue medication. The investigators provided similar evaluations. Global evaluations were rated from 1 to 5 (1, poor; 2, fair; 3, good; 4, very good; and 5, excellent).
Other efficacy variables were derived from the scores recorded by patients. These included pain intensity difference; percentage of patients with pain intensity reduced to mild or none; percentage of patients considered pain free; and percentage of patients who required rescue medication during the 6-hour evaluation period.
Safety Assessments
Adverse experiences were recorded in the diary by the patients and elicited at visit 2 by the investigators. The intensity, duration, and relation to the study drug were recorded. Clinical laboratory data were not systematically collected.
Statistical Analysis
For each study, a sample size of 200 patients per arm provided at least 85% power to detect a clinically meaningful difference of at least 15% in the proportion of patients with pain reduced to mild or none (two-sided, ␣=.05).
Treatment group comparability was assessed by means of analysis of variance for quantitative variables (eg, age) and 2 tests for categorical variables (eg, sex). The 2 treatment groups were compared, in each study, with respect to demographics and baseline characteristics.
Data missing for any scheduled evaluation period in otherwise evaluable patients (eg, patient fell asleep) were interpolated. For example, if the 0.5-hour observation was missing, it was replaced by the average of the baseline and the 1-hour observation value. For patients requiring rescue medication, post-rescue medication severity scores for pain intensity, functional ability, and nausea were assigned either the baseline or the last recorded value, whichever was the most severe. Post-rescue medication pain relief scores were assigned "no relief."
The primary efficacy analysis was based on the efficacyevaluable patient population. The data were also analyzed on an intent-to-treat (ITT) basis. Each study was analyzed separately. The results of the independent studies were tested for poolability.
Comparisons between the 2 treatment groups were made at each time point by means of an analysis of covariance model for changes from baseline severity in pain intensity, functional ability, and severity of nausea, photophobia, and phonophobia. An analysis of variance model was used to compare the treatments with respect to pain relief and patient's global evaluation at 6 hours after dose and the investigator's global evaluation at visit 2. The Cochran-Mantel-Haenszel test, stratified by baseline pain intensity, was used to analyze the percentage of patients with pain intensity reduced to mild or none, percentage of patients with pain intensity reduced to none, and percentage of patients who remedicated. Statistical significance was declared if P was less than or equal to .05.
A larger proportion of drug-treated patients than placebo-treated patients experienced a reduction in headache pain intensity to mild or none starting 1 hour after dose and continuing to the 6-hour time point in all 3 studies (PՅ.002). In the pooled analysis, differences were statistically significant at 0.5 hour after dose (P=.01) and at all subsequent time points (PϽ.001) (Figure 2, left) . Pooled data showed that at 2 hours after dose, 59.3% of the 602 drugtreated patients had mild or no headache pain compared with 32.8% of the 618 placebo-treated patients (PϽ.001; 95% confidence interval [CI], 55%-63% for drug, 29%-37% for placebo). Corresponding percentages at 6 hours after dose were 78.6% (473/602) and 51.6% (319/618), respectively (PϽ.001; 95% CI, 75%-82% vs 48%-56%) ( Table 3) .
A significantly larger proportion of the drug-treated patients than placebo-treated patients were pain free starting at 2 hours after dose and continuing to the 6-hour time point (PՅ.008). Significance was also detected by 1 hour after dose in the pooled analysis (P=.002) (Figure 2 , right) and in study 3 (P=.004). Two hours after dose, 20.8% of the 602 drugtreated patients had no headache pain compared with 7.1% of the 618 placebo-treated patients (PϽ.001; 95% CI, 18%-24%fordrug,5%-9%forplacebo)(Table3).By6hours,50.8% of the patients receiving active treatment and 23.5% of the patients receiving placebo were free of pain (PϽ.001; 95% CI, 47%-55% for drug, 20%-27% for placebo) ( Table 4) .
Mean pain relief scores for the drug combination were significantlyhigherintheindividualstudiesandinthepooled analysis at all time points from 0.5 hour to 6 hours after dose (PϽ.001) except for study 2 at 0.5 hour (data not shown).
Analysis of these primary efficacy measurements with the use of the ITT population produced essentially identical results.
RESCUE MEDICATION
In the pooled analysis, the proportion of patients who required rescue medication was significantly greater in the placebogroupthanintheacetaminophen-aspirin-caffeinegroup from 3 to 6 hours after dose (PϽ.001). For example, by hour 6, only 12.5% of the 602 drug-treated patients needed to remedicate, compared with 27.2% of the 618 placebo-treated patients (PϽ.001; 95% CI, 10%-15% for drug, 24%-31% for placebo) (data not shown). 42  46  51  47  39  42  44  45  Rarely  27  25  20  23  21  18  22  22  Never  22  21  14  15  9  11  15  16  Usual pharmacologic treatment, % †  None  1  2  1  1  1  2  1  2  Nonprescription only  84  82  59  57  59  52  67  63  Prescription only  5  4  12  16  19  18  12  13  Both  10  12  28  26  22  28  20  22 *APAP-ASA-CAF indicates acetaminophen, aspirin, and caffeine. †Percentages may not add to 100 because of rounding. ‡Statistical analysis did not include patients with missing data.
GLOBAL EVALUATIONS
Global evaluations of headache pain relief by patients and investigators were significantly higher for the drug combination than for placebo (PϽ.001). Investigators' global evaluations were good to excellent in 51% of pa-tients in the drug group, compared with 19.7% in the placebo group (PϽ.001; 95% CI, 47%-55% vs 17%-23%). Results were similar for patients' global evaluations (data not shown).
EFFECTS ON OTHER HEADACHE CHARACTERISTICS
The percentage of patients with restoration of function (ability to perform activities with little or no additional effort) was significantly higher in the drug-treated group than in the placebo-treated group in the pooled analysis (PϽ.001) and in each study separately (PՅ.006) (data not shown) from 1 hour after dose to the 6-hour time point and at 0.5 hour after dose in study 1 (P=.04) (Figure 3) . Although patients who vomited 20% or more of the time were excluded, 60% had nausea at baseline. The percentage of patients without nausea was significantly higher in the drug-treated group than in the placebo-treated group from 1 to 6 hours after dose in study 3 (PՅ.05), from 3 to 6 hours after dose in study 1 (PՅ.03), and from 4 to 6 hours after dose in study 2 (PՅ.02) (data not shown). In the pooled analysis, the proportion of patients without nausea was significantly greater in the drugtreated group than in the placebo-treated group from 2 to 6 hours after dose (PՅ.01) (Figure 4) .
The pooled analysis also showed that the percentage of patients without photophobia or phonophobia was significantly greater in the drug-treated group than in the placebo-treated group from 1 hour after dose through the 6-hour time point (PՅ.001) (Figure 4 ).
SAFETY RESULTS
No serious adverse experiences were reported in any of the studies, and the incidence of adverse effects considered severe was low (2%) and similar in the 2 treatment groups across the 3 studies (1.9% of the 618 patients in the drugtreated group; 1.7% of the 632 patients in the placebotreated group). One placebo-treated patient experienced vomiting and chills that resulted in discontinuation from study 2. Adverse experiences with an incidence greater than 1% were few and expected. Those with a higher incidence than that seen in placebo-treated patients were nausea (4.9% *APAP-ASA-CAF indicates acetaminophen, aspirin, and caffeine. vs 1.7%), nervousness (4.4% vs 0.8%), and dizziness (2.8% vs 1.1%). Interestingly, significantly more placebotreated patients experienced vomiting than those receiving active treatment: 1.6% of the placebo-treated patients vs 0.2% of the drug-treated patients (P=.01). No adverse effects different than those previously associated with single doses of aspirin, acetaminophen, or caffeine were seen in these studies. Pooled adverse experience data, including adverse experiences that occurred in more than 1% of patients, are summarized in Table 5 .
COMMENT
The 3 large, double-blind, randomized, parallel-group, placebo-controlled clinical trials reported herein each show that the nonprescription combination of acetaminophen, as- pirin, and caffeine is effective in treating the pain of migraine headache. Treatment differences for the prospectively defined outcomes measures were highly significant in favor of the drug combination in both the population-based study (study 1) and in the studies that used primarily conventional recruiting methods (studies 2 and 3). Significant differences favoring the drug treatment were found in each of the 3 studies from 1 to 6 hours after dose. Significant differences between drug and placebo were observed as early as 0.5 hour after dose for pain intensity difference from baseline and for pain reduced to mild or none in 2 studies and in the pooled analysis. Patients in the drug groups also experienced significant improvements in ability to perform usual activities at 1 hour after dose and all time points thereafter. In this study program, recruitment methods, including random-digit dialing and local advertising, were used to identify a broad range of the migraine population, independent of physician consulting status. Because we wanted to target migraine sufferers for whom a nonprescription medication might be appropriate, we excluded subjects who experience vomiting with more than 20% of their attacks and those whose attacks usually require bed rest.
In addition to pain and disability, migraine occurs as part of a symptom complex that often includes nausea, photophobia, and phonophobia. Migraine-specific prescription agents have demonstrated significant benefits in treating this symptom complex. 21, 22 The present studies show that the combination of acetaminophen, aspirin, and caffeine also produces statistically significant improvement in nausea, photophobia, and phonophobia. Improvement in these associated symptoms in the pooled analysis became statistically significant at 30 minutes. In these studies, pain relief preceded relief of associated symptoms. Perhaps relief of associated symptoms is a consequence of the relief of pain.
Migraine was a significant health problem for the patients in these studies. Although we excluded the most disabled patients, at baseline, 66.6% of the patients rated their headache pain as moderate and 33.4% of the patients rated it as severe. Nearly 82.9% of the patients reported that they had significant functional impairment: 47.3% required some additional effort to perform their usual activities; 30.2% required a great deal of additional effort; and 5.3% reported that they were incapacitated (unable to perform their usual activities). Thus, the benefits of the drug combination were demonstrated in patients with moderate to severe pain and significant impairment of function. However, since the most severely disabled segment of migraineurs were not studied in these trials, the present results cannot be generalized to such patients. As might be expected with an approved nonprescription drug, no clinically significant safety concerns were identified. No serious adverse experiences were reported in any of the studies. Those that were reported were similar in type and severity to those previously associated with single doses of aspirin, acetaminophen, or caffeine. 15, 17, 23, 24 These results have important implications for clinical practice and for headache health care policy. Most approved prescription drugs for migraine are expensive, and many have therapy-limiting side effects and contraindications. 18, 25, 26 These studies demonstrate that acetaminophenaspirin-caffeine, a nonprescription combination analgesic with a favorable safety profile, can effectively treat the pain, disability, and associated symptoms of migraine. This combination is likely to represent a safe and cost-effective treatment alternative for patients with migraine. 
